The performance of space-time trellis codes with antenna selection over fast fading channels is studied. A selection criterion is adopted that is based on selecting L out of the available M receive antennas that results in maximising the instantaneous signal-to-noise ratio (SNR) at the receiver, where L M. It is shown that the resulting diversity order with antenna selection deteriorates and becomes a function of the number of selected antennas. This is unlike the case for slow fading in which the diversity order is always preserved with antenna selection when the underlying space-time code is full-rank.
Introduction: In a wireless environment, unlike other applications, achieving reliable communication is much more challenging owing to the possibility that received signals from multipaths may add destructively, which, consequently, results in a serious performance degradation. It has been shown that a key issue in achieving reliable wireless communication is to employ spatially separated antennas at the transmitter and=or at the receiver. However, among the implications of employing multiple antennas are the associated increase in the cost of the additional hardware required in the form of RF chains, as well as the physical limitation of wireless devices.
In an effort to overcome these problems, while utilising the advantages of using multiple antennas, several papers have appeared recently in the literature in which the notion of antenna selection was introduced [1] [2] [3] [4] [5] . The idea behind antenna selection is to use only a subset of the transmit and=or receive antennas in multiple-input multiple-output (MIMO) systems, resulting in a reduction in the number of RF chains required. In this Letter, we assume that antenna selection is performed at the receiver only. In particular, for a given number of receive antennas M, we assume that the receiver uses L out of the available M antennas where the selected antennas are those for which the instantaneous signal-to-noise ratios (SNRs) are largest. This is achieved by comparing the sums of the magnitude squares of the fading coefficients at each receive antenna and selecting those (L of them) corresponding to the largest sums. Clearly, the adopted selection criterion is optimal in the sense that it maximises the SNR at the receiver.
In [4] , Ghrayeb and Duman considered antenna selection at the receiver for slow fading channels (see also [5] ). It was shown that the diversity order is maintained as that of the full-complexity system only if the underlying space-time code is full-rank. Otherwise, the diversity order reduces and becomes dependent upon the number of selected antennas. In this Letter, we consider the same setting considered in [4] , namely, antenna selection at the receiver but for fast fading channels. We then provide a comparison between fast fading and slow fading in terms of diversity order with antenna selection.
System model: In this study, we consider a wireless communication system that employs N antennas at the transmitter side and M antennas at the receiver side. The incoming data is encoded by the space-time encoder. The output of the encoder is then fed into a serial-to-parallel converter that converts the input stream into N parallel streams. The resulting N streams are transmitted from the N transmit antennas simultaneously. At the receiver, after demodulation, matched-filtering, and sampling, the signal r t j received by antenna j at time t is given by
where c t i is the signal transmitted from antenna i at time t; the noise w t j at time t is modelled as independent samples of a zero-mean complex Gaussian random variable with variance N 0 =2 per dimension. The coefficients a i,j model fading between the ith transmit and jth receive antennas and are assumed to be complex Gaussian random variables with variance 0.5 per dimension. In this study, we consider two channel models: fast and slow fading. In fast fading, the fading coefficients a i,j for i ¼ 1, 2, . . . , N and j ¼ 1, 2, . . . , M vary independently from one symbol to another within a frame. As for slow fading, the fading coefficients are constant during a frame and vary independently from one frame to another. Our primary focus in this Letter is on fast fading, but we also use slow
Numerical examples:
In this Section, we demonstrate via simulations the performance of space-time codes in fast fading with antenna selection at the receiver. In our simulations, we use the four-phaseshift-keying (4-PSK), four-state, two-space code presented in [6] . In all scenarios considered, the transmitter is always equipped with two transmit antennas (N ¼ 2). As for the receiver, we consider two scenarios: two and three receive antennas, where one scenario is considered at a time. We remark that the diversity order achieved by this space-time code is 4 (when M ¼ 2) and 6 (when M ¼ 3) in slow fading. The length of the codewords coming out of each transmit antenna is always l ¼ 130. In all cases, where applicable, antenna selection is performed based on maximising the SNR. Fig. 1 shows the frame error rate (FER) against SNR in dB for various cases of antenna selection for the fast fading case. We examine the following cases:
We observe from the Figure that the slopes of the performance curves corresponding to a specific L, for all M, are the same, suggesting that their diversity order is the same. Therefore, we can conclude that the diversity order is not preserved with antenna selection. Moreover, the diversity order appears to be linearly proportional to L and it does not depend on M. However, for a specific L, as M increases, additional coding gains can be achieved, as expected. However, this additional coding gain becomes smaller as M increases. For instance, at FER ¼ 10
À3
, the case M ¼ 2, L ¼ 1 achieves a gain of about 3.0 dB over the case M ¼ 1, L ¼ 1, whereas only an additional 0.5 dB is achieved in the case M ¼ 3, L ¼ 1. For comparison purposes, we have included here some simulation results for the slow fading case. These results are shown in Fig. 2 .
The cases considered here are the same as those considered for fast fading. We observe from the Figure that all of the performance curves corresponding to a specific M, for all L, have the same slope, suggesting that antenna diversity is preserved with antenna selection. However, as observed from the Figure, the penalty for antenna selection is a reduction in the coding gain, which is expected as well.
In the following, we shall reason out why the diversity order is maintained for slow fading but not for fast fading. In slow fading, when the underlying space-time code is rank-deficient, the diversity order is not maintained with antenna selection (this was reported in [4] , and was proved analytically in [5] ). In particular, if the rank of the code difference matrix is r < N, the diversity order of the full-complexity system is rM. But with antenna selection, the diversity order reduces to rL. This is essentially the same result we obtained for fast fading. The resemblance between the two cases is attributed to the fact that a spacetime code in fast fading can be viewed as a rank-deficient code [6] .
Conclusions:
We have examined the performance of MIMO systems and space-time trellis codes over fast fading channels with antenna selection. We have adopted a selection criterion that is optimal in the sense of maximising the received SNR. We have demonstrated that the diversity order deteriorates with antenna selection, and the resulting diversity order is a function of the number of selected antennas. The scenario of antenna selection in fast fading resembles to a large extent the case of antenna selection in slow fading when the spacetime code is rank-deficient. In both cases the diversity order is a function of the number of selected antennas. A thorough mathematical analysis is being developed to understand this phenomenon.
